METHOD
In most cases decerebrated cats (32) and occasionally decerebrated dogs (10) were used. As in the previous experiments (6, 7) , a record of the movements of a dorsal slip of the diaphragm served as an index to the rhythm and extent of the respiratory movements.
The blood pressure was recorded from the carotid artery.
About 30 minutes before decerebration, 1 cc. of 10% phenobal solution per kg. body weight was injected intramuscularly.
The animal was decerebrated in the same manner as was described in the previous paper (6) , and the dorsal half of the occipital bone and the underlying portion of the cerebellum were removed so that the dorsal surface of the pons and the medulla oblongata could be exposed to view.
The location and the extent of the centers were investigated by means of the electrocoagulation method. The current of 2 milliamperes was administered to the tissue by regulating the variable resistance in the circuit shown in fig. 1 . The electrodes consist of two pairs of steel needles which are arranged parallel with and 1.5 mm. apart from each other. The needles of each pair are 1/3 mm. thick and arranged 2 mm. apart from each other and insulated by a coating of enamel except for 1 mm. of the tip.
In order to determine the extent and location of the lesions, the brain fig. 2 ) at the level of the striae acusticae, the regions which extend 2 mm. laterally from this groove and 5 mm. rostrally and caudally were abraded for a depth of 3 mm. by means of a small sharp spoon. When the region is abraded unilaterally, a slight slowing of the respiratory movements may sometimes occur but occasionally no appreciable change is recognized, while the respiratory movements stop instantaneously in the expiratory position, when the contralateral region is next abraded.
After a lapse of 0. accelerated but are soon followed by a slowing and irregularity of the rhythm due to the prolongation of the inspiratory phase and finally the breathings come to a standstill in a state of inspiratory tetanus.
This contraction of the diaphragm declines sooner or later, usually after about 40 seconds, and falls into complete relaxation (expiratory standstill).
With decline of the contraction of the diaphragm the gasps appear.
The gasps are at first weak but become gradually stronger.
The systemic blood pressure rises transitorily usually by as much as 10-30 mm. Hg, resulting from the insertion and electrocoagulation.
But at the time of the succeeding contralateral electrocoagulation, the transitory rise of the blood pressure is followed by an abrupt fall. Thus the blood pressure may finally be lowered to as low as 20 mm. Hg ; at which time, the gasps have no influence on the blood pressure. After some time the blood pressure begins to rise again and the gasps which then appear at intervals, cause a considerable rise of the blood pressure.
The survival of the animal is due to these gasps. It is a remarkable phenomenon that the end stadium of an abrupt fall of the blood pressure corresponds to that of the inspiratory tetanus. The course of the changes of the respiratory movements may vary somewhat from one case to another.
For example prolongation of the inspiratory phase and irregularity of breathings may be seen already with an unilateral lesion. The same phenomena can be seen very often in depressant conditions of the centers in consequence to the lower blood pressure, and in addition in these cases, the gasps superimpose frequently on the normal respiratory movements. In one case the mere insertion of the electrodes on the contralaterat side caused a standstill of normal breathing.
The considerable fall of the blood pressure, resulting from the electrocoagulation of the regions concerned, leads us to suppose that the nerve cells concerned with the regulation of the blood pressure-at least a part of them-may be located also in the same region as the supposed respiratory centers with which we are at present concerned.
The regions injured in this experiment are shown in fig. 4 . The details with regard to these regions are described in a later chapter. The coagulation does not extend to the caudal border of the striae acusticae.
which extend from the striae acusticae to a level situated 2 mm. rostrally from the obex and 1 mm. laterally from the midline, were in 5 cases injured electrically to a depth of 3 mm. In these experiments no appreciable changes were observed both in the respiratory movements and in the blood pressure.
Histologic ascertainment of the regions injured by means of the electrocoagulation method
In 17 cases the regions injured were ascertained histologically.
The results are as follows:
The location and the extent of the lesions were fairly consistent in all the cases ; especially in 6 cases, the extent was most remarkably limited as shown in fig. 6 : The electrodes were inserted somewhat laterally FIG. 6. Regions coagulated at the level of the striae acusticae. The regions coagulated in 6 cases are outlined. through the regions situated somewhat medially from the middle part of the dorsolateral nuclei of the eighth cranial nerves, and the regions, which were located ventrally from the dorsolateral nuclei, medially from the spinal tracts of the fifth crainal nerves and dorsally from the facial motor nuclei, were lesioned.
The regions injured contained a small cell group located in the lateral reticular formation and a part of the cell group within which a small number of large cells were scattered.
Within these regions, we believe, the respiratory centers are located. The location of the centers is shown schematically in fig.  7 : At the level of the striae acusticae the normal respiratory centers are located bilaterally.
Assuming to be seen through from the dorsal surface of the brain stem (A in fig. 7 ), the centers cover almost completely the facial motor nuclei. The rostral ends of the centers pass about 0.5 mm. over the line joining the rostral borders of the acoustic tubercles, and their caudal ends reach a point about 0.5 mm. caudal to the line joining the caudal borders of the acoustic tubercles.
If it is seen from the lateral side of the brain stem, the center situated on that side is located ventrally to the dorsal lateral nucleus of the eighth cranial nerve and the ventral half of the center is covered by the dorsal half of the spinal tract of the fifth cranial nerve. The efferent paths of the normal respiratory centers
We supposed that the impulses discharged within the respiratory centers propagate along the lateral reticular formation of the medulla oblongata.
The results of the following experiments came up to our expectations. A knife, the edge of which was like that of a chisel, was inserted through the caudal border of the regions predetermined as the respiratory centers, at first on one side and then on the other.
At the moment of insertion on the contralateral region the breathings ceased completely. According to the histological investigation, the lateral reticular formation of the medulla oblongata was transected on both sides. When the knife was inserted at the level of the rostral end of the area postrema along the line aa' and bb' as shown in fig. 8 , the breathings ceased completely at the moment of contralateral section (L in fig.  8, B) . On the dog also the same effects were observed with the section at the same level as in the former case ( fig. 9) It is remarkable to note that the blood pressure decreases only transitorily with unilateral section while a considerable decrease is observed with the contralateral section. From these results there is reason to believe that the impulses discharged from the vasomotor centers are also blocked with the sections mentioned above.
At the level of the obex the breathings did not cease unless the section was carried out somewhat more medially than in the former cases ( fig. 10) 
DISCUSSION
In relation to our present studies, the studies carried out by Finley (2) and by Baker and his co-workers (1) are noteworthy.
In bulbar paralysis, the former found the lesions situated most rostrally at the level of the inferior poles of the superior olivary nuclei. It is an interesting fact that the location of these lesions consists with that of the normal respiratory centers described above. The latter studied histologically the medulla of patients who died with bulbar poliomyelitis resulting in respiratory failure and found the lesions of the small cell group bilaterally in the ventrolateral reticular formations which extend from the superior poles of the nuclei of the twelfth cranial nerves to the bulbopontile junction. Though the upper limit of the lesions cannot be clearly appreciated from their description, it seems to us that the injured regions situated most rostrally in their cases are probably the regions where the respiratory centers are located.
According to our experimental results the respiratory efferent paths pass down through the lateral reticular formations in the medulla oblongata. When these paths are blocked as a result of section or of degeneration, it is a natural consequence that the breathings stop. It can therefore be concluded that the experimental results of Gad and Marinesco (4) are due to the destruction of the efferent respiratory paths. The same explanation can be applied to the results obtained by Flourens
Flourens (3) was at first of the opinion that the very limited point, the so-called noeud vital, can be considered as the respiratory center, but later he gave up this opinion and stated that the medulla oblongata must be sectioned at the level of the obex with a spatula of 5 mm. wide in order to stop the breathings of the rabbit. In addition one of the authors, Hukuhara (8) discussed recently the results obtained by various authors which concern with the localization of the respiratory centers.
SUMMARY
The removal as well as the electro-coagulation of the regions of the brain stem was performed to determine the definite localization of the respiratorycenters.
The results are summarized as follows:
(1) At the level of the striae acusticae the normal respiratory centers are located bilaterally and in the group of small cells situated in the lateral reticular formation on both sides. The rostral ends of the centers pass to about 0.5 mm. over the line joining the rostral border of the acoustic tubercles and their caudal ends reach for about 0.5 mm. caudad from the line joining the caudal border of the acoustic tubercles.
(2) It is probable that the centrifugal fibers arising from the normal respiratory centers pass respectively through the lateral reticular formation on the same side and tend to converge as they descend toward the obex.
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